OBJECTIVE: Large portions promote intake among children, but little is known about the external influences of the eating environment on children's self-selected portion sizes. This research experimentally tested effects of the amount of entree available and serving spoon size on children's self-served entree portions and intakes at dinner meals. A secondary objective was to identify child and family predictors of self-served entree portion sizes. DESIGN: A 2 Â 2 within-subjects design was used, in which the amount of a pasta entree available for self-serving (275 vs 550 g) and the serving spoon size (teaspoon vs tablespoon) were systematically varied. The serving bowl size and portion sizes of all other foods offered were held constant across conditions. Conditions were spaced 1 week apart and randomly assigned. Weighed selfserved entree portions and food intakes as well as demographics, maternal feeding styles and child/maternal anthropometrics were measured. SUBJECTS: Participants were 60 ethnically diverse children aged 4-6 years and their mothers. RESULTS: Mixed models revealed that children served themselves 40% more entree when the amount available was doubled (Po0.0001) and 13% more when the serving spoon size was tripled (Po0.05). Serving spoon size and the amount of entree available indirectly influenced children's intake, with larger self-served portion sizes related to greater entree intakes (Po0.0001). Greater self-served portions and energy intakes at the meal were seen among those children whose mothers reported indulgent or authoritarian feeding styles (Po0.001). CONCLUSION: Children's self-served portion sizes at meals are influenced by size-related facets of the eating environment and reflect maternal feeding styles.
INTRODUCTION
Variation in meal size among young children is closely associated with the portion sizes of foods served to children. 1 Experimental studies have demonstrated that children consume greater energy within [2] [3] [4] [5] and across meals 6 when they are served large portions of energy-dense entrees. Surprisingly little is known, however, about children's self-served portion sizes and the factors that may influence serving behaviors and intakes.
Allowing children to serve themselves as part of family style meals is widely endorsed for potential developmental benefits, ranging from social and motor skills to support of appetite. 7, 8 There is reason to believe, however, that such benefits will be dependent on external cues of the situational eating environment. 9 Among adults, self-served portion sizes have been shown to be influenced by size-related cues, including the size of food packaging, dishware and utensils, as well as the amount of food available. 10 For instance, experimentally doubling the size of a serving bowl and amount of food in a serving bowl increased adults' self-served portion sizes of an energy-dense snack in a social setting by 50%. 11 Glassware dimensions have also been shown to influence the self-served beverage portion sizes among adolescents as well as adults. 12 Whether self-served portion sizes among young children are similarly responsive to size-related cues of the eating environment is less clear. One study demonstrated that preschool aged children requested more than twice the amount of a ready-to-eat cereal for a hypothetical morning snack when the size of bowl used by the experimenter was doubled. 13 The extent to which such cues influence children's own serving behaviors and intakes at meals, however, has not been studied.
This research experimentally investigated the effects of sizerelated external environmental cues on preschool aged children's self-served portion sizes and intakes at meals. On the basis of previous research, 10, 13 it was hypothesized that children would serve and consume larger entree portions when the amount of entree available to serve and serving spoon size were systematically increased. A secondary aim was to identify child and family predictors of individual differences in children's selfserved portions. Parental feeding styles and child weight status were considered, along with other family demographic characteristics.
MATERIALS AND METHODS Subjects
Participants were English speaking 4-to 6-year -old children and a parent with primary responsibility for child feeding at home. This child age range was selected because food portion size effects on intake have been consistently demonstrated in children 4 years and older, 14, 15 and children's involvement in serving themselves is encouraged in the US, beginning in the preschool years. 7, 8, 16 Convenience sampling was used to recruit potential participants using flyers placed in community locations, a volunteer database, and referrals. Child exclusion criteria, based on parent report, included a highly restrictive diet, severe food allergies, chronic illnesses affecting food intake (for example, diabetes) or medication use (for example, Adderall) affecting food intake, anticipated discomfort being separated from the parent during the experiment and perceived dislike of the entree or other foods (42 of 4 accompanying foods) on the experimental menu. Given the interest in children's self-selected entree portion sizes, two additional criteria were used: children's stated dislike of the entree, evaluated in an individual taste assessment interview before the experimental conditions; and/or serving 0 g of the entree at two or more of the four experimental conditions at which self-serving was assessed. Parents provided written consent for their own and their children's participation. Data were collected at the USDA/ARS Children's Nutrition Research Center in 2007. All procedures were approved by the Institutional Review Board at Baylor College of Medicine.
Design
A 2 Â 2 within-subject factorial design was used to evaluate effects of the amount of entree available and serving spoon size on children's self-served entree portion sizes and intake. Each child was seen in four dinner conditions, differing only in the amount of entree available to each child to serve themselves at a dinner meal (275 vs 550 g) 2, 5 and the size of the spoon used to serve the entree (teaspoon vs tablespoon). The entree was placed in an individual serving bowl next to the child's plate; the size of the serving bowl, in which the entree was made available was constant across portion size conditions. Fixed portions of other foods were provided in preplated portions, which did not vary across conditions. Each condition was spaced 1 week apart. To avoid visual comparisons of differences across conditions, each child was assigned to eat with 3-4 children in the same condition sequence. The order of condition presentation was randomly assigned to each group of children. Children's self-served entree portion sizes were measured across the course of the meal by analytical balances covertly set in the tables at which children ate. Food liking was assessed in an individual interview by tasting method. Food intakes were assessed by weighed methods. Child and parent heights and weights were measured. Family demographic and child feeding style data were based on parental self-report.
Procedure
Children's self-served portions and intake in each dinner condition were measured in a behavioral laboratory setting. Parents were instructed to refrain from giving their child any foods or beverages 2 h before the visit. Upon arrival, a research member interviewed the parent to confirm that those instructions were followed; any deviations were noted in the research record. An introductory visit was used to familiarize children to the eating laboratory and to obtain food preference and anthropometric data. At all visits, children ate dinner together in the presence of a research staff member. Children served themselves from an individual serving dish, placed on a covertly mounted scale within the table. Children were instructed to serve themselves the entree using the serving spoon placed in each individual serving dish. Preplated portions of other foods were served in bowls that were placed around the plate onto which children served themselves the entree. Children were also told to serve themselves and eat as much as desired during the 20 min timed meal. Parents completed self-report questionnaires in an area separate from where their children ate. Height and weight measurements were obtained by research nurses.
Experimental menu
The entree was a commercially available macaroni and cheese (Stouffer's, Nestle USA, Inc., Solon, OH, USA) with an energy density of 1.55 kcal/g. The amount of entree available in the reference condition (275 g; 426 kcal) was similar to that used in the previous studies 2, 5 and fell between the 75th-95th percentiles of intake at a given eating occasion among 2-to 5-year-old children participating in the Continuing Survey of Food Intakes of Individuals , 1994-1996. 17 Portion sizes of other foods did not vary across conditions and provided B400 kcal: unsweetened applesauce (112 g; 0.41 kcal/g); baby carrots (39 g; 0.35 kcal/g), corn (84 g; 0.72 kcal/g), chocolate chip cookies (3 cookies; 33 g; 4.84 kcal/g), and 2% milk (240 g; 0.5 kcal/g).
Measures
Child self-served portions and serving behaviors. Children's self-selected entree portions were measured across the course of the 20 min meal using covertly placed electronic balances (Mettler Toledo, model PL6001-S, Columbus, OH, USA) that were built into the tables (M Grusak, 2007). Each scale recorded the mean of two readings per second using a computer interfacing software program (Labtronics, Collect 6.1, Guelph, ON, Canada).
Each 20 min meal was video-recorded using wall mounted cameras. Trained research assistants recorded the number of entree spoonfuls served. The time series data were transformed to categorical data points at the nearest 5, 10, 15, 20 min within the 0-5, 5-10, 10-15 and 15-20 min range. For self-served entree spoonfuls and portion size (g), data points at 1 and 3 min were also estimated to further describe the outcomes of interest. Observed entree spoonfuls were used, in conjunction with the weighed entree serving data, to calculate the average size of each spoonful served (g/spoonful).
Intake of the entree and other foods. Children's consumption of the entree and other foods at the meal was measured using digital scales (Sartorious Universal U6100, Gottingen, Germany). Food intakes were calculated by subtracting the post-meal weight from the pre-meal weight. Manufacturers' information was used to calculate energy intakes (kcal) from food intakes (g).
Body mass index (BMI).
Trained research nurses measured children's height in duplicate to the nearest 10th of a centimeter, and weight in duplicate to the nearest 10th of a kilogram in light clothing without shoes. 18 A third measurement was taken to reconcile cases, in which the first two measurements differed by more than 0.1 cm for height or 0.1 kg for weight. Parent BMI was calculated as weight/height squared (kg/m 2 ) and overweight/obesity was defined as a BMI X25.0 kg/m 2 . BMI-for-age z-scores were calculated; child overweight/obesity was defined as a BMI-for-age X85th percentile. 19, 20 Food liking assessment. Children's liking of foods on the experimental menu was measured in an individual interview using a well-established tasting procedure. 21 Two small bites of each food were presented to the child by a trained experimenter. The child was asked to take a taste and then categorize the food as tasting 'yummy', 'yucky' or 'just ok.'
Demographics. The participating parent provided self-report data on family demographics, including race/ethnicity, education, employment, marital status and participation in two US food assistance programs (The Special Supplemental Nutrition Program for Women, Infants and Children and/or the Supplemental Nutrition Assistance Program) during the past 12 months, as a proxy for low-income.
Parent feeding styles. The Caregivers' Feeding Styles Questionnaire was used to characterize the overall emotional climate provided by the parent, in which child feeding occurs. 22 The 19-item scale assesses dimensions of demandingness and responsiveness to categorize four feeding styles: authoritative (high on both dimensions), authoritarian (high demandingness, low responsiveness), indulgent (low demandingness, high responsiveness) and uninvolved (low on both dimensions). Evidence of test-retest reliability, internal consistency, convergent validity, factorial invariance and predictive validity has been demonstrated. 22, 23 Statistical methods All analyses were conducted using SAS version 9.2 (Cary, NC, USA). PROC GLIMMIX was used to test the effects of the amount of entree available and serving spoon size on children's self-served portion sizes. Outcomes were estimated at 5, 10, 15 and 20 min and treated as repeated measures. Time, entree amount available (275 vs 550 g), serving spoon size (teaspoon vs tablespoon) and the entree available by spoon size interaction were included in all models as predefined experimental fixed-effects, using the Kenward and Roger 24 approximation. Time by condition interactions were estimated as random effects. Pairwise comparisons of means across spoon or portion size were assessed using Tukey À Kramer tests. The group of children with whom each child ate during the experiment was modeled in each analysis. Parental feeding styles and parent/child weight status were evaluated as potential predictors of children' self-selected portion sizes and intake along with other standard demographic variables: child gender, child race/ethnicity, parental education, employment status and participation in federal food assistance programs. PROC GLIMMIX was also used to test the effects of the amount of entree available and serving spoon size on children's energy intake from the entree and other foods at the meal, using the aforementioned covariates. Finally, conditional effects of cumulative serving on children's intake of the entree and total energy at the meal were also estimated in those models.
Associations of the nominal covariates and the normality of the residuals were evaluated in all models. A P-value ofo0.05 was used to indicate statistical significance. The results are presented as adjusted mean±s.e. unless otherwise indicated.
RESULTS

Participants
Seventy-seven children who met the aforementioned participation criteria were enrolled in the study. Six children for whom consent was obtained were seen in 1 or fewer trials due to drop out, child refusal to participate, or child dislike of the entree (based on tasting assessment). Additionally, 11 children did not serve any of the entree in Xtwo of the four conditions and were excluded from the analyses.
The final sample consisted of 60 ethnically-diverse 4-to 6-yearold children (18 Black; 26 Hispanic; 12 White and 4 Asian ( Table 1) . Of 33 female and 27 male children, 16 (27%) were overweight/ obese. All participating parents were mothers, a majority of whom were overweight/obese (n ¼ 45; 75%). Forty-six (77%) mothers were married and 30 reported employment (50%). Twelve (20%) mothers reported high school or less education and 15 (25%) reported participating in federally-funded food assistance programs during the past 12 months. Mothers' feeding styles were fairly evenly distributed across the sample: authoritative (n ¼ 16), authoritarian (n ¼ 17), indulgent (n ¼ 14) and uninvolved (n ¼ 13).
Children's liking of foods on the experimental menu Food preference ratings confirmed that the foods on the experimental menu were generally well-liked: by design, most children (n ¼ 54) rated the entree as tasting 'yummy.' The number of children who rated the other foods served at the meal as tasting 'yummy' ranged from 41 (carrots) to 58 (cookies).
Effects of amount available and serving spoon size on children's self-served portions Serving spoon size. A main effect of serving spoon size was observed on children's self-served entree portion sizes in grams. On average, children served themselves 13% more of the entree when using a tablespoon than when using a teaspoon (83.7 ± 14.7 vs 73.8 ± 14.7 g, Po0.05); this effect did not vary across the 20 min meal (Figure 1a ). Children served, on average, 31% fewer spoonfuls when serving themselves with the tablespoon than the teaspoon (4.6 ± 0.83 vs 6.7 ± 0.83 spoonfuls; Po0.0001), but the average size of each spoonful served was, on average, 58% larger when children served themselves with a tablespoon vs a teaspoon (18.8±1.9 vs 11.9±1.9 g/spoonful; Po0.0001) across the 20 min meal. Differences in both the number and size of spoonfuls taken across serving spoon sizes were observed consistently from 10 min onward (Figures 1c and e) .
Amount available. The effect of the amount of entree available on children's self-served portion sizes did not interact with those of serving spoon size.
A main effect of the amount of entree available was observed on children's self-served entree portion sizes in grams (Figure 1b) . On average, children served 40% more entree when 550 g of the entree was available in the serving dish than when 275 g was available (91.9 ± 14.7 vs 65.6 ± 14.7 g; Po0.0001). Significant differences in cumulative entree serving were seen across the conditions that differed in the amount of entree available from 10 min onward. The effect of doubling the amount of entree available on children's self-served entree portions was not attributable to increases in the number of entree spoonfuls children served themselves (Figure 1d ), but rather due to an increase in the average size of spoonfuls served by children when more of the entree was available (Figure 1f ). As shown in Figure 1f , children served, on average, 31% larger spoonfuls when the amount of entree available to serve was doubled (17.4 ± 1.9 vs 13.3 ± 2.0 g/spoonful; Po0.0001); this effect did not vary with time.
Effects of amount available and serving spoon size on energy intake Children's energy intake from the entree, other foods and total energy intake did not differ based solely on the amount of entree provided or serving spoon size (Figure 2) . In other words, increasing the amount of entree available and the size of the serving spoon did not directly translate into greater intakes. An indirect association of self-served entree portions and intake, however, was observed. Children who selected more of the entree tended to eat more of the entree (Po0.0001) and consume greater energy at the meal with of (Po0.0001). Conditional on other variables in the model, children consumed an additional 0.56 kcal of the entree and an additional 0.54 kcal total energy at the meal for every gram of macaroni and cheese served.
Predictors of cumulative self-served entree portion sizes Children's self-served portion sizes were unassociated with child weight status, as well as gender, ethnicity, maternal education, maternal employment and family participation in food assistance programs. Children who ate within 2 h of the experimental dinner served 34% fewer spoonfuls (4.5 vs 6.8, Po0.0001) and served 44% less of the entree (56.3 vs 101.3 g, Po0.0001) than other children. Variation in children's cumulative self-served portion sizes was explained by group assignment during the experiment (Po0.05), indicating similarities in self-served portion sizes among children at each table.
As shown in Figure 3a , children of indulgent and authoritarian feeders served themselves approximately twice as much of the entree than children of authoritative and uninvolved feeders (planned contrast, Po0.001). These differences reflected a greater number of spoonfuls served by children of indulgent and authoritarian feeders relative to the other children (Po0.001) (Figure 3b ). The size of spoonfuls served, however, did not differ across feeding styles (Figure 3c ). As shown in Figure 4 , feeding styles were associated with children's intakes of the entree (Po0.01) and total energy intakes (Po0.05). Children of indulgent and authoritarian feeders consumed greater amounts of the entree (216.6 and 280.5 kcal, respectively) than children of uninvolved and authoritative feeders (118.5 and 86.1 kcal) (Po0.001). Children's intake of other foods at the meal did not differ by feeding styles (Figure 4) . As a result, children of indulgent 
DISCUSSION
This research is the first to experimentally demonstrate that preschool aged children's self-served portion sizes are influenced by external size-related cues of the eating environment. These findings extend previous studies of portion size in children, [2] [3] [4] [5] [6] indicating that larger entree portions not only stimulate intake when served directly to children, but also can stimulate larger self-served portion sizes when children are allowed to serve themselves. Using a larger serving spoon also influenced the amount of entree that children served themselves. These sizerelated facets of the eating environment appeared to act indirectly to promote intake by increasing children's self-served portion sizes. Of those child and family characteristics considered, maternal feeding styles were related to children's self-served portions and intake. Collectively, these findings provide new evidence that young children's self-selected portion sizes and intakes reflect both external size-related eating cues and social influences. The finding that children's self-selected entree portion sizes were influenced by the amount of entree available is in line with previous studies of adults. 11, 25 In one experiment, adults were asked to serve various foods (for example, spaghetti) in the amount that they would use if preparing food for themselves and another adult. Results showed that adults served larger hypothetical portions when the amount of food available and the food packaging sizes were experimentally increased. 25 To our knowledge, the present study is the first to report similar effects on serving behaviors of young children at meals. Although increasing the amount of entree available to children caused the children to serve themselves larger entree portions, the effects on children's intakes were more complicated. Increasing the amount of entree available did not have a direct effect on children's intake of the entree or other foods at the meal, but rather appeared to act on intake through self-served portion sizes. That is, children who served themselves larger entree portions also tended to consume more of the entree. Taken together, the results suggest that children will serve themselves larger portions when serving bowls are filled with more food, and this may lead to greater energy intake when larger portions are served on the plate.
Children took fewer, but larger spoonfuls when using a tablespoon than when using a teaspoon, such that self-served entree portions were 13% larger when children served themselves with the larger serving spoon. These findings are on par with some experimental studies of dishware size in adults and children, which demonstrated that larger dishware promoted self-served portion sizes, and in some cases intake, relative to smaller dishware sizes. 13, 26 For instance, adults given a 3 oz. ice cream scoop served themselves 14.5% more ice cream than those using a 2 oz. scoop. 26 The size of commercially available serving spoons and ladles vary widely. Although roughly three times the capacity of a teaspoon, the use of a tablespoon may represent a relatively modest experimental manipulation of serving ware size. Future research should consider a wider range of serving ware sizes.
Mechanisms by which size-related aspects of the eating environment influence appetitive behavior is unclear, but are thought to involve visual cues that inflate consumption norms. 10 In this study, children served themselves larger spoonfuls when the amount of entree available in the serving dish was doubled. These findings mirror the results of similar adults studies 27 and also parallel two experimental studies where children ate larger bites, but not a greater number of bites when the amount of entree served to them was doubled. 3, 5 The present results suggest that external size-related cues also influence the microstructure of children's serving behavior. Individual differences in children's self-served portion sizes have not been well-characterized. The findings of this research revealed the associations of maternal feeding style with children's selfserved entree portion sizes. Feeding styles reflect the emotional climate surrounding eating and the broader context, in which specific goal-oriented feeding practices are used and interpreted by the child. 22, 28 In this study, children of authoritarian and indulgent feeders served themselves and ate larger entree portions. Previous research has observed greater risk of overweight/obesity among children whose parents have indulgent and authoritarian approaches to general parenting 29 and/or feeding children. 22, 30 However, the mechanisms by which feeding styles may influence children's eating and risk of overweight are not well-elucidated. 31 The findings of the present study suggest that children who experience indulgent approaches to feeding may also serve larger portions and consume greater energy at meals. The findings also suggest that children who experience highly directive feeding styles may also select larger portions and consume greater energy, when they are not in the direct supervision of their parents. The notion that highly controlling parenting leads to poor self-regulation of behavior is fairly well supported in the general literature on parenting and child development, but is more controversial in research on feeding. 32 Several limitations of this work merit discussion. Although participants were ethnically diverse, the use of convenience sampling limits the generalizability of the findings. The research used a familiar, well-liked pasta entree with amorphous form. It is well-established that children and adults are less able to accurately estimate the portion sizes of amorphous foods than those with more distinct shape (for example, meatballs). 33, 34 The extent to which the present findings generalize to foods with more distinct form as well as to those of varying energy density and palatability requires further investigation. The detailed measurement of multiple serving behaviors over the course of the meal provided rich description of the outcomes of interest. Alternatively, the conduct of the research in a laboratory setting may have altered children's serving behaviors and eating from that observed in more naturalistic settings. Figure 4 . Effects of maternal feeding style on children's energy intake (entree, other foods, total energy) at dinner meals. Data are shown as adjusted mean ± s.e.; different letters indicate statistically significant mean differences, Po0.05.
In conclusion, the findings of this research indicate that children's self-served portions are cued by external size-related facets of the eating environment and reflect maternal child feeding styles. That children's self-served portion sizes were closely aligned with their energy intakes suggests a potential influence of serving behaviors on appetite regulation. Collectively, these observations highlight facets of the family eating environment that could be addressed in prevention efforts. Guidance around children's participation in family style meals may not only include the provision of physical assistance and help negotiating social exchanges (for example, taking turns), but also the provision of child-size dishware and expectations for serving behavior and sizes (for example, 'Take a scoopful and pass the dish' 35 ). Additional studies are needed to understand how children's eating environments as well as caregiver guidance around self-serving can best support children's appetite regulation at family style meals.
